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Abstract—This paper presents the design and characterization of a new planetary gear transmission with
two degrees of freedom.  The main purpose of the planetary gear transmission is on the capability to
adapt the operation to variable loading. Designed adaptation provides a motion of output link with a
speed that is inversely proportional a loading of the link.  A detailed 3D CAD model has been proposed in
order to investigate the operation feasibility of the proposed design solution.
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I. INTRODUCTION
A gear box is a set of gears for transmitting power
from one rotating shaft to another. The gears also
are used in differential drives of automobiles, final
drives of tractors and heavy machineries mainly as
reducer. In general planetary gear boxes have lower
occupied space and more velocity reduction than
other gear boxes, [9].
For example, a gear box with conical gears as a
speed reducer consists of 8 conical gears. Two of
them are horizontal and 6 pinions are located
vertically. Each pairs of pinions are locked
together. But in this mechanism design in order to
obtain any speed ratios it is necessary to change
value of pinion or horizontal gear, [10].
Alternatively cam-based infinitely variable
transmission can be used for continuously variable
transmission, which can also achieve any
transmission ratio. This mechanism consists of two
main parts, namely a cam mechanism and a
planetary gear set. Cam-based CVT (continuously
variable mechanism) is more complex than others,
[4].
Other solutions are magnetic planetary gears,
which consist of a sun gear, four planetary gears
and a ring gear. Each gear must have an axially
magnetized permanent magnet that is sandwiched
between two yokes made of electromagnetic soft
iron. Magnetic gears have main advantage for a
low mechanical loss, but in this mechanism the
transmission torque is usually very low, [8].
Planetary gear train with non-circular gears
consists of a planet arm, an external gear,
intermediate gear and a central gear. This
mechanism can be used to generate a variable
angular-velocity ratio, [7].
This paper describes a new design of a planetary
gear box with two degrees of freedom as
differential gear box. It has input and output
carriers, two internal gears that are fixed together,
two central gears that are fixed together, input and
output satellites. This mechanism can be classified
as CVT solution since consists only of a planetary
gear set. This mechanism is able to adapt its
operation to the external applied load as pointed
out in [1,2,3].
II. A KINEMATICCHARACTERIZATION
The proposed new planetary mechanism with two
degrees of freedom consists of an input carrier H1,an input sun gear 1, an input satellite 2,  an internal
epicyclic gear 3, an output epicyclic gear 6, an
output satellite 5, an output sun gear 4 and aoutput
carrier H2, Figure 1. Carrier H1 transfers inputdriving force to the closed mechanical chain and
carrier H2 transfers output resistance force. Motionstarts at fixed output carrier with one degree of
freedom. At this time satellite 5 is the output link.
To transmit motion from input carrier H1 to outputcarrier H2 satellite 5 must be locked and this can beobtained thanks also to friction at gear contacts.
This is the peculiarity of the proposed system. The
input carrier H1 moves gear 2 that pushes bothgears 1 and 3 that transmit different forces to gears
6 and 4 correspondingly. Thus, gear 5 moves by
different forces coming from its contacts with gears
6 and 4, and therefore carrier H2 moves. In additionthe mechanism will be able to work with two
degrees of freedom because of the possibility of
activating a second degree of freedom when
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satellite 5 will be unlocked by overcoming frictions
at gear teeth contacts.
A kinematic characterization of the mechanism can
be expressed as function of parameters of external
torques MH1, MH2 on the carriers and constant inputangular velocity ωH1 as pointed out in [5,6], (Figure1). The kinematic relations among the angular
velocities of the gears with 1, 2, 3, 4, 5, 6 teeth can
be expressed in the form
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when zi are the number of teeth in the gear(i=1,..,6). From Eqs. (1) and (2) angular velocities
ω3, ω1 of gears 3 and 1 can be obtained as
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Figure 1  A kinematic scheme of the new
planetary gear box.
Internal reaction forces R12, R32, R45 and R56 onpoints D, C, G, E in Figure 1 can be expressed for
static equilibrium by conditions through external
forces FH1 and RH2. An external input force FH1 is
applied to a point B and a reaction force RH2 isapplied to a point K.  A scheme for static
equilibrium for force FH1 is shown in Figure 2 (a)and for the reaction force RH2 is shown in Figure 2(b).
(a) (b)
Figure 2  A scheme for static equilibrium: a) for
the input link; b) for the output link.
Input and output powers can be expressed in form
11 HHinput MW  (7)
22 HHoutput MW  (8)
Efficiency of the mechanism can be expressed in
form
1122 / HHHH MM   (9)
A numerical example can be carried out for an
application for a wind turbine. Assuming from wind
flow ωH1=150 rpm and MH1 = 12 Nm;  MH2 = 15Nm, (Figure 1), the output and intermediate angular
velocities ωH2, ω1, ω3 and internal forces can becomputed with the proposed model through Eqs. (1)
to (6) by considering ω4= ω1, ω6= ω3. From Eq. (4)angular velocity of output carrier is computed as
ωH2 = 75 rpm. From Eqs. (5) and (6) angularvelocities of gears 1 and 3 are computed as ω1=250rpm and ω3=50 rpm, respectively.
III. A CADMODEL
The proposed differential planetary gear box
consists of a mechanical planetary gear set without
additional devices such as torque converters or
electronic parts. General design characteristics have
been selected for practical applications of the
transmission, like for example, in wind turbine
installations. A wind turbine installation can be
identified by referring to a small wind turbine of 10
kW power and with average wind speeds of 10-30
m/s, An example of a wind turbine with a proposed
planetary gear box is presented in Figure 3.
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Figure 3 A wind turbine with a proposed
planetary gear box: (1-blades; 2-pinion; 3- gear;
4-planetary gear box; 5-high speed shaft; 6-
generator; 7-housing; 8-tower).
A wind turbine is a device that converts kinetic
energy from the wind into electrical power. A wind
turbine used for charging batteries may be referred
to as a wind charger. The result of  over  a
millennium  of windmill  development and
modern engineering,  today's  wind turbines are
manufactured in a wide range of vertical and
horizontal axis types. The smallest turbines are
used for applications such as battery charging for
auxiliary power for boats or caravans or to power
traffic warning signs.
A CAD model of a gearbox with planetary gear set
has been worked out in Solid Works. Figure 4
shows a general  CAD design of new planetary
gear box for a wind turbine application.
The planetary transmission has two main parts as
input and output links with two degrees of freedom.
All gears are spur gears with module of 1 mm.
Figure 5 shows a CAD design of an input link with
the following main components: 1-input carrier; 2-
input sun gear; 3-input satellite; 4-input epicyclic
internal gear; 5-axis.
Figure 4 A CAD model of a new planetary gear
box.
Figure 5  An input link of a new planetary gear
box.
Figure 6  An output link of a new planetary gear
box.
Figure 6 shows a CAD design of an output link
with the following main components: 1-output sun
gear; 2-output satellite; 3-output epicyclic internal
gear; 4-output carrier; 5-axis; 6-bearing. Figure 7
shows a design of the sun gears which are fixed
together on a shaft.  Figure 8 shows input and
output epicyclic internal gears which are fixed
together on a wheel.
Figure 7  A CAD design of the input and output
sun gears on a shaft: 1-input sun gear; 2-output
sun gear; 3-shaft; 4-kye
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Figure 8 A CAD design of the input and output
epicyclic gears: a) cross-section view: 1-input
epicyclic internal gear; 2-output epicyclic internal
gear; 3-wheel; b) general view.
Figure 9 shows a scheme for assembly of planetary
gear box with the following main components as an
input carrier, input satellite, spindles of input and
satellites, input and output epicyclic internal gears,
gearshift (output sun gear), input sun gear; output
carrier, bearings of support, bearings of epicyclic
internal gears and bearings of input and output
carriers.
Figure 9  A scheme for assembly of a planetary
gear box: 1- output carrier; 2- bearing; 3- output
satellite; 4- axis of output satellite; 5- bearing of
gear shaft; 6- bearing of epicyclic internal gears;
7- output sun gear (gear shaft); 8- input sun gear;
9- wheel; 10- input satellite; 11- axis of input
satellite; 12- input carrier.
IV. AMECHANICALDESIGN OF ANEW
PLANETARYGEAR BOX
A mechanical design of a new planetary gear
transmission  with planetary gear set has been
worked out in Solid Works software. Figure 10
shows a full mechanical design with a housing  and
cover of planetary gear transmission with the
following main components such as an input
carrier, bearings, housing, shaft with output sun
gear, output satellite, input and output epicyclic
internal gears, input satellite,  cover, input sun gear,
output carrier, axis of satellites, supports with
frame and other standard fastenings.
All the geometrical parameters have been defined
within the CAD model as referring to an
application for small wind turbine installation. The
main dimensions can be as equal to a maximum
high D (in Figure 10 a) of 180 mm, a maximum
longitudinal size L (in Figure 10 a) of 110 mm and
maximum width W (Figure 10 b) of 150 mm. The
input and output shafts have a diameters of 32 mm
and 30 mm, respectively. The overall weight is 9
kg without lubrication element. In order to decrease
a friction at gear teeth contacts it is necessary to use
a gear lubricant. The most common current gear
lube such as  75W90 GL5 can be used for this
planetary gear transmission.  All  the gears are
made  from  steel 40Cr. The pressure angle of gears
is 20 degrees. Another parts such as carriers, axis,
wheel, housing, cover and frame  are made from
steel C45. The mechanism has also standard
fastening components such as bolts, nuts, screws
and bearings. All the geometrical parameters of
gears of the planetary gear transmission are  listed
in Table 1.
a)                                             b )
Figure 10 A mechanical design of a new
planetary gear box with design sizes: a) cross-
section view: 1-output carrier; 2-bearing; 3-
housing; 4- shaft with output sun gear; 5-output
satellite; 6-epicyclic internal gears; 7-input
satellite; 8-bearing; 9-sun gear; 10-input carrier;
b) longitudinal view.
Table 1  The geometrical characteristics of gears
of a new planetary gear box.
Gear Number
of teeth
Nominal
shaft
diameter
(mm)
Overall
length
(mm)
Quantity
Input
sun
gear
60 9 12 1
Input
satellite
20 7 23 2
Input
internal
gear
100 - 12 1
Output
sun
10 9 12 1
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gear
Output
satellite
44 8 14 2
Output
internal
gear
98 - 12 1
V. CONCLUSION
In this paper, a new design of planetary gear box
with two degrees of freedom is proposed. A
planetary gear box with two degrees of freedom
has been studied from aspects of mechanical
design, kinematic modeling. A mechanical design
and 3D CAD model of a planetary gear box with
two degrees of freedom have been proposed in
order to adapt the operation to variable loading.
Design of the planetary gearbox is shown in
kinematic scheme. The formulated equations are
tested by numerical examples. Numerical checks
are made with an application for a wind turbine.
Results of numerical check show the gars rotate
with a proper speed.
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